I. Introduction
The demand for the nation's airspace is projected to rise sharply over the next 25 years, due, in part, to the emerging commercial space transportation industry. Growth in this industry, coupled with an expected doubling of air traffic operations over the next 10 years, will require expanding the current National Airspace System (NAS) services and capabilities to meet this demand. From an air traffic perspective, space and aviation operations must be seamlessly integrated. To achieve that goal, space-based communications, navigation, surveillance (CNS) technologies must be leveraged as part of the Next Generation Air Transportation System (NextGen).
III. Automated Dependent Surveillance-Broadcast
ADS-B can transmit GPS-derived data (time, position, type, speed, and aircraft identification) by means of a broadcast-mode data link to users that are equipped to receive and process the data. In general, ADS-B updates occur every 1-5 seconds, depending on the physical link (e.g., 1090 Mode S ES; Universal Access Transceiver; or VHF Data Link). In addition to providing local air traffic information to the flight deck, track data is transmitted to air traffic controllers on the ground. The FAA anticipates that ADS-B will provide many benefits, including extending the coverage of current ground-based secondary surveillance radar, especially in en route and terminal areas, to increasing air-to-air situational awareness, as well as on airport surfaces to reduce incursions.
There are currently 31 active satellites in the GPS constellation orbiting Earth at an altitude of 20,200 km (12,600 miles) with a 12-hour period. Each GPS satellite has an atomic clock and continually transmits a navigation message that contains the current time. The time-contained messages with other parameters are used to calculate the location of each satellite. GPS signals travel at the speed of light through outer space and slightly slower through the atmosphere. GPS receivers use the signal transmission time between the satellite and the receiver to compute the distance to each satellite. The receiver can then calculate its location.
ADS-B is being developed to meet future aviation requirements. However, space vehicles transitioning to and from space will also be operating in ADS-B serviced airspace. An enhanced version of ADS-B that also meets the navigation and surveillance needs for space vehicles operating within the NAS may be desired. Commercial aircraft typically fly traveling at cruising altitudes between 10,000 -40,000 fi, and speeds of 200 to 500 mph, and for that case, ADS-B has a maximum accuracy of approximately 7.5 m (25 ft). However, space vehicles' flight profiles are much more extreme. For example, during its return from space, the Shuttle decelerates from roughly 17,000 mph to 215 mph, and descends over 175 miles in altitude as it traverses the 13,000 miles to its landing site. During a typical landing, the Shuttle passes through 60,000 ft altitude (FL600) at supersonic speeds, less than 15 miles and 5 minutes prior to touchdown. How would ADS-B perform under that scenario? NASA is currently conducting research to investigate those and other performance issues associated with tracking space vehicles using GPS and communications satellites. Figure 1 illustrates a possible ADS-B architecture with enhancements for space vehicles. 
IV. System-Wide Information Management Network & Airborne Communications/Data Link
Track data and other space vehicle state information could be provided to air traffic services via satellite data link and disseminated over the SWIM network. According to the Communications Enterprise Architecture (EA), the FAA is planning to conduct studies to identify needs, requirements, and designs for mobile air/ground communications. The EA roadmap shows digital aeronautical-mobile services being developed in the 2008-2018 timeframe and commercial satellite communications capabilities being developed in the 2016-2022 timeframe. Aeronautical Data Link (ADL), another key component of the EA, is scheduled to be developed in the 2008 to 2012 timeframe, with enhancements to provide expanded services being developed in the 2016 to 2022 timeframe. This migration to a space-based communications architecture offers an opportunity to include new customers, such as space vehicles, in a future communications infrastructure not as add-ons, but as integrated components of NextGen.
The FAA currently requires that operators have two independent methods of tracking their space vehicles during ascent and descent. ADS-B could satisfy one method of tracking, and an onboard Inertial Navigations System (INS) with ADL could serve as the independent backup method. Typically, telemetry data, which includes INS state vectors and other vehicle and payload data, is down-linked from the rocket to the Mission Control Center (MCC) and the range during flight. In the future, communications satellites could provide that link and an interface to SWIM. SWIM will be both an information sharing and an application integration platform which can provide authorized users and applications the ability to securely obtain information in the required format from source(s) at the appropriate time(s), independent of location. Furthermore, SWIM will be compatible with other agency information systems such as the Department of Defense's (DoD's) Global Information Grid (GIG) Enterprise Services and other data sources.
V. The Future Range Many U.S. space launch operations occur at the Eastern Range (ER), located at Cape Canaveral Air Force Station (CCAFS), and the Western Range (WR) at Vandenberg Air Force Base (VAFB). These and other ranges currently rely on expensive ground-based radar, telemetry receivers, and flight safety systems. The future range architecture will employ GPS and communications satellites that provide global coverage with greater flexibility and responsiveness. The Air Force and NASA have initiated a policy that by 2010, all launches on the ER and WR will require GPS Metric Tracking. Figure 2 presents a comparison of today's ground-based range with a space-based architecture. The NASA Advanced Systems Division at Kennedy Space Center, Florida has been conducting flight experiments for the past seven years to demonstrate the feasibility of using GPS receivers on various aerospace vehicles and sending back the flight data via a satellite system. The satellite systems used were the Iridium Commercial System and the NASA Telemetry and Data Relay Satellite System (TDRSS). The aerospace test vehicles included a slow moving Piper Cub, a P3 Orion, Global flyer, NASA's F 15-B test aircraft flying up to supersonic speeds (June-July 2003), and hypersonic sounding rockets (December 2005). The development system had many names over the past several years, but is currently called the Space Telemetry and Range Safety System (STARS). STARS is a proof of concept system to determine if operational costs can be reduced, and if operational flexibility can be increased by using a spaced-based communications architecture to relay telemetry from launch vehicles to the ground and flight termination signals from the ground to the vehicle. This system has to be very reliable and robust. Test flights have shown the STARS concept is viable.
The ability of STARS to maintain a satellite communication link with TDRSS satellites during dynamic aircraft flights was successfully demonstrated during the test flights using the F 15 aircraft as well as the sounding rocket. STARS was able to acquire and maintain lock between the high-dynamic vehicles and a satellite-based system. The flight profile of the F15 included straight and level trajectories, rolls, loops, clover-leafs, pull-ups and pull-downs. STARS simultaneously received commands from the ground and transmitted GPS data (latitude, longitude, altitude, and speed) as well as system health back to the ground. The STARS transmission data rate is 10 kbps and uses a JAVAD JNS 100 GPS receiver. STARS maintained the communication links on two different F 15 flights of over 10 hours and with speeds up to Mach 1.1 and altitudes in excess of 30,000 feet. STARS also maintained the communication link on a dedicated sounding rocket test flight, with speeds of over 4473 mph (greater than Mach 6.5 at altitudes over 30,000 feet), reaching an altitude of 490,000 feet, or 93 miles above the earth. Other sounding rocket flight tests were conducted using GPS with different communications configurations and payloads. A configuration which used the commercial Iridium Satellite System was developed and tested. This configuration included a PC-104 computer with an Ashtech G12 GPS receiver and an Iridium Modem. This design could simultaneously receive commands from the ground and send GPS data consisting of latitude, longitude, altitude, speed as well as the health of the system back to the ground using the Iridium Satellite System. The Iridium service has a data rate of 3.3 Kbps and costs about 70 cents a minute. Iridium also has a short burst messaging service that is a lower data rate, 450 bps but is more reliable and cheaper. In comparison, TDRSS typically costs $100 per minute, and has data rates of 100-3000 Kbps, depending on the satellite and channel configuration. The sounding rocket's typical trajectory from Wallops Island, Virginia is shown in Figure 4 .
Figure 4: Launch Trajectory for Soundings Rocket (December 2005)
All of the flight experiments that used either the Iridium Satellite System or TDRSS had to meet a 12 dB link margin. Link margin is defined as the additional power over what it would take to close the link between a transmitter and receiver. The added power is needed in a mobile system because the radio frequency energy can fluctuate over time and the added power is need to overcome interference (e.g., atmospheric conditions, rain attenuation, antenna orientation, etc.).
STARS flight test results have shown that the link margin required for a critical system such as STARS can be achieved on high performance aircraft as well as other aerospace vehicles. STARS demonstrated this using TDRSS. However, the Iridium System also had a 12 dB Link Margin on their normal data service and if the short burst messaging service is used the link margin increases to 15 dB, making Iridium even more reliable. Recently, standards and recommended practices were approved by the International Civil Aviation Organization (ICAO) Council to allow use of the Iridium commercial satellite constellation for aircraft communications on transatlantic flights. This expanded use of Iridium for aeronautical services could further support the creation of a common space-based CNS infrastructure. Iridium's 66 low Earth orbiting (LEO) satellites provide complete global coverage, including poles, oceans and airways. Iridium's aeronautical satellite terminals are less costly to install and maintain than those needed for geostationary satellite systems, such as TDRSS.
Other sounding rocket test flights involved evaluating the Autonomous Flight Safety System (AFSS), which is being developed by NASA. The AFSS processors are pre-loaded with flight safety termination rules and vehicle parameters. The AFSS does not use a satellite communications system but it relies on GPS as well as an Inertial Navigation System to determine the position of the vehicle. A prototype AFSS has flown on a sounding rocket out of White Sands, New Mexico and on the SPACE X Falcon One Rocket. All of the AFSS flights were successful in that they tracked the rocket and notified a central computer when the rocket's flight rules were violated.
VI. Benefits of a Common Space-Based CNS Infrastructure
The FAA, NASA, and DoD are developing space-based CNS capabilities for similar reasons -all three agencies believe that a space-based architecture provides global CNS services at a lower cost than ground-based systems. Below are some of the benefits of developing a common integrated space-based CNS infrastructure for both air traffic and space operations:
It should be cheaper to combine the resources of three agencies to develop space-based CNS services, than if each agency were to independently develop separate systems. The NextGen plan, which represents the interests of seven federal agencies, calls for the harmonization of avionics and procedures worldwide. An integrated space-based CNS infrastructure is probably the only feasible architecture to accomplish this goal.
SATMS will require integrated CNS services and a situational awareness picture that can provide flight plan, vehicle state, and CATM infonnation for both aircraft and space vehicles operating in the NAS. A common space-based CNS infrastructure is probably the best method to satisfy an FAA licensing requirement for tracking space vehicles, while also providing data to make national traffic flow management decisions that are equitable for all NAS users, especially as more spaceports become operational in the future.
VII. Proposed Research
The FAA's research and development program, in part, will address key operational, design, and human performance issues during the evolution of NextGen by identifying challenges, understanding barriers, and developing solutions. Considering the potential benefits listed previously, it could be worthwhile developing a common CNS infrastructure that could be shared by both air and space vehicle operators. The following areas of research would address some of the technical and implementation issues associated with developing a common infrastructure.
Common CNS Architectural Study. For certain flight regimes, there will be different GPS performance and tracking accuracies associated with ADS-B aircraft and space vehicles. There will also be differences in link margins, data message sizes, error rates, protocols, and other communications system characteristics. As a first step, a study that investigates potential CNS architectures and performance requirements should be conducted.
SWIM and Satellite Network Simulations. Based on communications system characteristics and performance parameters identified during ADS-B development, and SBR flight tests conducted by NASA, define test scenarios for air-to-ground communications and SWIM configurations to evaluate integrated air and space traffic operations in a simulated environment. A primary goal of this research would be to identify NextGen CNS requirements needed for supporting both space and air traffic operations, and to mitigate technical, acquisition, and implementation risks.
Human-in-the-loop Studies. Investigate human factors considerations, such as graphic user interface (GUT) design, situational awareness, data link message sets, CAlM decision support tool functionality, flight deck vs. ground-based responsibilities, failure mode and recovery procedures, and conduct safety assessments in a simulated environment. Operational issues associated with transitioning to the SATMS concept for NextGen would be evaluated. 
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